The genus Ferruginibacter of the family Chitinophagaceae (Kämpfer et al., 2011) was proposed by Lim et al. (2009) with a description of two species: Ferruginibacter alkalilentus and Ferruginibacter lapsinanis. Species in the genus Ferruginibacter are Gram-reaction-negative, strictly aerobic rods, oxidase-and catalase-positive, reddish pigmented, have iso-C 15 : 0 as the major fatty acid, and MK-7 as the predominant respiratory quinone . Flexirubin-type pigments are not produced. Nitrate is not reduced under either anaerobic or aerobic conditions (Lim et al., 2009) . The DNA G+C content is 35.8-42.3 mol%. At the time of writing, the genus comprises: Ferruginibacter alkalilentus and Ferruginibacter lapsinanis (Lim et al., 2009) , isolated from freshwater sediment and Ferruginibacter yonginensis , isolated from a mesotrophic artificial lake, and 'Ferruginibacter profundus' (Jin et al., 2014) , isolated from freshwater sediment of a reservoir. In this study, a novel strain HME8881
T was isolated from a freshwater sample and its taxonomic position was determined using a polyphasic approach including examination of phenotypic, phylogenetic and chemotaxonomic features.
A freshwater sample was collected from a wetland (Gyeongan wetland) in the Republic of Korea (378 279 340 N 1278 189 110 E). The sample was diluted using tenfold dilution series methods, spread on R2A agar (Difco) plates and incubated at 30 8C for 7 days. Among the colonies formed, a pale orange colony was isolated and designated HME8881 T . A pure culture of strain HME8881
T was routinely cultured on R2A at 30 8C and preserved at 280 8C in distilled water supplemented with 20 % (v/v) glycerol.
The almost full-length sequence (1468 bp) of strain HME8881 T 16S rRNA gene was obtained using sequencing primers (27F, 518R, 785F and 1492R; Lane, 1991) Kim et al., 2012) . A phylogenetic analysis was performed using MEGA version 6 (Tamura et al., 2013) and aligned using the program CLUSTAL W (Thompson et al., 1994) within MEGA 6. Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) algorithms. The topologies of the trees were evaluated using the bootstrap resampling method (Felsenstein, 1985) with 1000 replicates. The neighbour-joining tree was reconstructed with the Jukes-Cantor model. The maximum-likelihood tree was reconstructed with the General Time Reversible (GTR) model. The GTR+gamma distribution+invariant sites (GTR+G+I) model has been determined to be the best-fit model (Tamura et al., 2013) . The maximum-parsimony tree was inferred using subtree-pruning and regrafting with the default setting of 10 trees.
Strain HME8881
T shared the highest 16S rRNA gene sequence similarity with Ferruginibacter lapsinanis HU1-HG42 T (95.6 %), Ferruginibacter alkalilentus HU1-GD23 T (95.1 %), and Ferruginibacter yonginensis HME8442 T (93.4 %). The neighbour joining tree ( Fig. 1 ) indicated that strain HME8881
T formed a clade with species of the genus Ferruginibacter. Strain HME8881
T also clustered with the species of the genus Ferruginibacter in the maximum-parsimony and maximum-likelihood trees. The overall topologies of the maximum-likelihood trees (not shown) were almost the same as that of the neighbour-joining tree. These results indicated that strain HME8881
T should be classified as representing a novel species of the genus Ferruginibacter.
Cell morphology was examined by light microscopy and transmission electron microscopy (JEM1010; JEOL). The hanging-drop technique was used to assess gliding motility (Bernardet et al., 2002) . Gram staining was determined using the bioMérieux Gram Stain kit according to the manufacturer's instructions. The growth temperature range was determined on R2A agar at 4, 10-30 (at intervals of 5 8C),
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Lacibacter daechungensis 37 and 42 8C. The pH range for growth was determined by adding 0.1 M sodium acetate buffer (pH 4.0-6.0), 0.1 M phosphate buffer (pH 7.0 and 8.0) and 0.1 M sodium carbonate buffer (pH 9.0 and 10.0) to R2A broth, respectively. Tolerance to NaCl was examined in R2A broth with 0.5 % and 1.0-5.0 % (at intervals of 1.0 %) NaCl (w/v). Oxidation of 1 % N,N,N',N-tetramethyl-pphenylenediamine dihydrochloride (Sigma) was used to detect oxidase activity. Catalase activity was determined by observing bubble production in (Bernardet et al., 2002) . Additional biochemical tests were performed using the API ZYM and API 20NE kits (bioMérieux) and oxidation of carbon compounds was evaluated with GN2 MicroPlates (Biolog) according to the manufacturer's instructions. Cells of strain HME8881
T were rod-shaped or coccoid depending on culture age. Cells in three-day cultures were rod-shaped but cells in six-day cultures were coccoid, occurring singly or in pairs T . Data were obtained from this study, except for the DNA G+C content of the four reference strains (Lim et al., 2009; Lee et al., 2014; Jin et al., 2014) . All strains are positive for oxidase and catalase activities, aesculin hydrolysis, alkaline phosphatase, leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase activities. All strains are negative for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase, esterase lipase (C8), lipase (C14), b-glucuronidase and a-mannosidase activities. +, Positive; 2, negative. ( Supplementary Fig. S1 , available in the online Supplementary material). The morphological, physiological and biochemical characteristics of strain HME8881 T are given in the species description and in Table 1. DNA was extracted and purified using a genomic DNA prep kit (Solgent) to determine the DNA G+C content of strain HME8881
T . DNA was analysed using a real-time PCR thermocycler (Bio-Rad) with SYBR Green 1 (SG 1, Invitrogen), according to the thermal denaturation fluorimetric method (Gonzalez & Saiz-Jimenez, 2002) . Fluorescent DNA melting curves were generated in triplicate.
Strain HME8881
T and four reference strains were grown on R2A agar at 30 8C for chemotaxonomic analyses. Biomasses were harvested and cellular fatty acids were saponified, methylated and extracted according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.1). Fatty acids were analysed by GC (model 7890, Hewlett Packard) and identified using the RTSBA6 database of the Microbial Identification System (Sasser, 1990) . Isoprenoid quinones and polar lipids of strain HME8881
T were extracted and analysed from freeze-dried cells as described by Minnikin et al. (1984) . Lipids were separated using two-dimensional TLC (plates coated with silica gel, 10610 cm; Merck), using chloroform/methanol/water (65 : 25 : 4, by vol.) in the first dimension and chloroform/methanol/acetic acid/ water (80 : 12 : 15 : 4, by vol.) in the second dimension. The plates were sprayed with 10 % ethanolic molybdophosphoric acid (Sigma) to detect total polar lipids, ninhydrin (Sigma) for aminolipids, a-naphthol for glycolipids and molybdenum blue (Sigma) for phospholipids.
The fatty acid compositions of strain HME8881
T and the four reference strains are presented in Table 2 . The major fatty acids of strain HME8881
T were iso-C 15 : 0 , summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), iso-C 15 : 1 G, C 16 : 0 and iso-C 17 : 0 3-OH. Strain HME8881 T mainly differed from the four reference strains by having a smaller amount of iso-C 13 : 0 and larger amounts of C 15 : 1 v6c and summed feature 3(C 16 : 1 v7c and/or C 16 : 1 v6c). The polar lipids of strain HME8881
T were phosphatidylethanolamine, two unidentified aminolipids, three unidentified aminophospholipids, two unidentified phospholipids and two unidentified lipids. (Supplementary Fig. S2 ). Strain HME8881 T differed from the three reference strains by the presence of several unidentified phospholipids and aminophospholipids. The only isoprenoid quinone of HME8881 T was menaquinone 7 (MK-7).
Based on these results, it is concluded that strain HME8881 T represents a novel species of the genus Ferruginibacter, for which the name Ferruginibacter paludis sp. nov. is proposed.
Emended description of Ferruginibacter lapsinanis
The description is as given by Lim et al. (2009) , with the following additions. The polar lipids of the type strain are phosphatidylethanolamine, three unidentified aminolipids and two unidentified lipids.
Emended description of Ferruginibacter alkalilentus
The description is as given by Lim et al. (2009) , with the following additions. The polar lipids of the type strain are phosphatidylethanolamine, two unidentified aminolipids and one unidentified lipid.
Description of Ferruginibacter paludis sp. nov.
Ferruginibacter paludis (pa.lu9dis. L. gen. n. paludis of a wetland, of a swamp, of a marsh).
Cells are Gram-staining-negative, non-motile, strictly aerobic rods, approximately 1.4-2.0 mm in length and 0.8-0.9 mm in diameter. Colonies are pale orange, smooth, convex and circular with entire margins on R2A agar and are 1.5 mm in diameter after 5 days at 30 uC. Flexirubin type pigments are not produced. Growth occurs at 10-30 uC (optimum, 30 uC), at pH 6-8 (optimum, pH 7.0) and in R2A broth The type strain is HME8881 T (5KCTC 42121 T 5CECT 8366 T ), isolated from wetland freshwater in the Republic of Korea. The genomic DNA G+C content of the type strain is 37.7 mol%.
